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COOLING SYSTEM FOR EQUIPMENT ENCLOSURE 
BACKGROUND OF INVENTION 

The present invention relates to improvements in and relating to 
enclosures and more especially to an enclosure or cabinet which is intended 
for use in accommodating electrical and electronic equipment, especially 
telecommunications equipment and protecting it from the external 
environment. 

Telecommunications equipment is frequently required to be installed in 
remote areas and out of doors so that the equipment needs to be protected 
from the external environment for a substantial period of time and possibly 
without any maintenance being available. 

As telecommunications equipment can generate a substantial amount 
of heat during operation, a particular problem is to be able to protect the 
equipment from the external environment while allowing that heat to be 
dissipated. 

It is, thus, an object of one embodiment of the invention to provide an 
enclosure for electrical or electronic equipment including a thermal 
management capability which will overcome disadvantages in such enclosures 
available to the present time or which at least will provide the public with a 
useful choice. 

Further objects of this invention will become apparent from the 
following description. 
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BRIEF SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is thus 
provided an enclosure having at least one interior chamber adapted to 
accommodate in use electrical or electronic equipment, a door provided for 
said enclosure and adapted to close off said interior chamber, said door being 
provided with a heat exchanger means having separate internal and external 
air circuits, said internal air circuit connected with said interior chamber and 
said external air circuit connected for air entry and exhaust outside of said 
enclosure, said heat exchanger means enabling the temperature within said 
interior chamber to be maintained at a required level relative to the ambient 
temperature external of the enclosure while maintaining the interior chamber 
closed. 

According to a further aspect of the present invention, there is 
provided a method of temperature control for an enclosure having at least one 
interior chamber, said method comprising providing a door closing off said 
interior chamber, providing separate internal and external air circuits for a heat 
exchanger provided for said door, connecting said internal air circuit with said 
interior chamber and said external air circuit for air entry and exhaust outside 
of said enclosure, said heat exchanger controlling the temperature within said 
interior chamber to be at a prescribed level relative to the ambient 
temperature external of said enclosure while maintaining the interior chamber 
closed. 
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According to a still further aspect of the present invention, there is 
provided an enclosure and/or a method of controlling temperature in an 
enclosure substantially as herein described and/or with reference to the 
accompanying drawings. 

Further aspects of this invention which should be considered in all its 
novel aspects will become apparent from the following description given by 
way of example of possible embodiments thereof and in which reference is 
made to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Shows diagrammatically an enclosure according to one 
possible embodiment of the invention; 

Shows a front view of the enclosure of Figure 1 but 
without its front cabinet doors; 

Shows a side view of the enclosure of Figure 2; 

Shows diagrammatically a front view of the enclosure of 
the preceding figures with its doors closed; 



Figure 1 : 



Ftoure 2 : 



Figure 3 : 



Figure 4 : 



Figure 5A : 



Shows very diagrammatically a plan view of the 
enclosure from roof level to illustrate the air flows; 
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Figure 5B : Shows very diagrammatically a cross sectional plan view 
of the enclosure below the horizontal divider on the front 
door to illustrate the air flows; 



Figure 5C : Shows very diagrammatically an end view into the 

distribution framework area to illustrate the air flows; 



Figure 6 : Shows diagrammatically an enclosure mounting rail for 
use in the enclosure of the present invention; 



Figure 7 : Shows diagrammatically the inner equipment enclosure 
with the distribution frame enclosure connected to it. 



DESCRIPTION OF PREFERRED EMBODIMENTS 



Referring to the accompanying drawings, an enclosure or cabinet 
according to one possible embodiment to the invention is referenced generally 
by arrow 1 . It is shown mounted on a concrete plinth 2 which will typically 
house a battery installation, although alternatively, an above ground battery 
module may be provided and be adapted to be connected with the cabinet 1. 
The right hand side of the enclosure 1 is shown provided with the pair of 
doors 3, 4 which when opened as shown in Figure 1 provide access to battery 
and power inputs 5 and telecommunications hardware referenced generally by 
arrow 6. 



Interior door 7, provides a closure for a main interior chamber 8 
accommodating telecommunications distribution equipment and the like 
referenced generally by arrow 9. 



WO 97/47167 



5 



PCT/NZ97/OO07J 



In Figures 1, 2. 3 and 5, the door 7 is shown provided with an interna! 
air circuit, indicated by air flow arrows A, comprising inlets 1 1, each suitably 
with a fan, and at least one outlet 10, so that air can be drawn in from and 
returned to the interior chamber 8 via a heat exchanger 1 5 provided for the 
door 7. An external air circuit is shown by arrows B with external air drawn 
into the front top of the heat exchanger 15 suitably by fans 12 to exit, after 
cooling the air in the internal air circuit, at the bottom of the heat exchanger 
15. 

The heat exchanger 15 may be of any suitable air to air type typically 
using a labyrinth of heat exchange plates defining the air flow paths and t 
across which thermal transfer occurs. 

A roof 14 provides inlet and outlet paths for the external air circuit, as 
illustrated by the arrows showing air flow through the enclosure 1. It will be 
appreciated that by having the air inlet and air outlet flows at the top of the r 
enclosure 1 the enclosure is still functional even if it were substantially 
submerged, watertight seals being provided throughout the enclosure 1 (not 
shown) to further provide for this submerged operation capability. 

As shown in Figure 1, a part 14A of the roof 14 may be wholly or 
partially lifted if required to facilitate access in to the distribution frame area 
6. Part 1 4A may be pivoted through 1 80° to lie flat on the remainder of the 
roof 14. 
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As shown in particularly in Figure 2 the enclosure 1 may be provided 
with a plurality of mounting rails 16 which enable the inner equipment 
chamber to be slid into the external enclosure. 

It is envisaged that the enclosure 1 of the present invention may 
operate in external ambient temperatures of high temperatures up to possibly 
of the order of 60°C. It is envisaged that at higher ambient temperatures, an 
air-conditioning module may be also included. 



In operation, the telecommunications equipment may typically require 
the dissipation of up to 2,000 watts. As will be appreciated from the air flow 
paths indicated in Figures 2, 3 and 5 of the drawings especially, described in 
more detail below, this dissipation is achieved by the circulation of air within 
the chamber across the equipment and through the air to air heat exchanger 
1 5 mounted in the door 7. 

As described, the heat exchanger 15 will suitably have independent 
internal and external air circuits through which the air is forced by fans, two 
fans being shown in Figures 2 and 3 for the inlet and exhaust circuits. The 
fans may suitably be variable speed allowing for the cooling provided by the 
exchanger to be adjusted to the relevant internal and external conditions. 

Suitably the exchanger 15 may be able to maintain an internal chamber 
temperature below 45 °C with an external ambient temperature of up to 
35°C. It is anticipated that generally the temperature of the chamber may be 
held at between 5-10°C above ambient temperature. 
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The exhaust air from the heat exchanger 1 5 is circulated between the 
inner chamber and the outer skin of the enclosure 1 . With the downward 
flow of the air shown in Figures 2 and 3 particularly this has the added 
advantage of providing an air pressure at the base of the enclosure 1 which 
can act as a deterrent to the intrusion of insects and the like while also acting 
to maintain the base of the enclosure 1 dry. 

It will be appreciated that in an air to air heat exchanger, only one third 
to one fifth of the thermal capacity of the air passing through the exchanger 
can be used to cool the equipment chamber. As this results in only a small 
temperature increase of the air exiting the exchanger over ambient 
temperature, the remaining thermal capacity of the exhaust air can be used to 
remove solar gain. This solar gain however can also be dealt with by a 
reflective coating provided for the enclosure 1 and also by insulation provided 
on the inside of the enclosure 1. 

Referring particularly to Figures 2 and 5C, the heat exchanger 15 
includes air flow divider means 15C which can direct a portion, perhaps 30- 
40% of the air of the external air circuit, to pass through the communications 
area 6 via vents 30 as indicated by the arrows C to remove solar gain. 

The air flow divider means 1 5A. 1 5B primarily, however, separates the 
air flow paths including providing a horizontal divider 1 5B to separate the inlet 
external air from the air flow in the heat exchanger itself and a divider 1 5 A to 
separate flow paths into the heat exchanger 15. The dividers 15A, 15B and 
1 5C may suitably be sheets of an air impervious plastics such as polyethylene 
foam. 
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As shown in Figure 4 particularly, front doors 22 and 23 can be 
secured in front of the internal door 7 to seal off the inside of the enclosure 1 
and to define the cavity in front of the heat exchanger 1 5 through which the 
exhausting air of the external air circuit is able to travel. 

The balance of the external circuit air passes downwardly into the 
battery compartment 2a and out into the distribution area 6. This air having 
been warmed by the heat exchanger 1 5 causes both the battery compartment 
2a and the distribution area 6 to be kept free of condensation. Further, should 
through flood the battery area 2a become filled with water, over a short 
period the water will be evaporated. 

Figures 5A, 5B and 5C further illustrate the air flow paths created to, 
from and within the enclosure 1 , including both the main chamber 8 and the 
area 6. The air flow arrows use the electrical notation of a dot representing 
flow out of the page and a cross for flow into the page. Referring firstly to 
Figure 5A # at roof level, the incoming air flow for the left fan is referenced L 
while that for the right fan is referenced R, divider 1 5A keeping those flows 
separate. This enables one fan 12 to be stopped whenever required resulting 
in the fan 1 2 still running causing a reverse flow of air over the area of the 
roof 14 providing the stopped fan's inlet cleaning off any leaves or other 
debris which may have accumulated. This may be done automatically by a 
suitable program on the central processing unit. Air flow is then created 
down the front of the door 7, indicated by D into the fans 1 2. The exhaust air 
rising through the area 6 is indicated by U and the outgoing exhaust air is 
represented by E. Figure 5B shows the air flows below the horizontal divider 
with air flow S generated by the left hand fan sweeping away solar gain from 



WO 97/47167 PCIYNZ97/00071 



the front, side and back of the cabinet 1 before entering area 6. The 
downward air flow D generated by the right hand fan dries the base of the 
cabinet 1 and rises under the area 6 to keep it dry. In Figure 5C, the air flow 
C is shown exiting the back panel through holes 30 into the area 6. 



In Figure 5 A, a further divider 31. suitably also of polyethylene foam, 
or the like, is shown positioned on the roof 14 to divide the inlet and exhaust 
air paths. 

As mentioned previously, the enclosure 1 may be mounted on 
mounting rails 16. As shown in Figure 6, each rail 16 may include a base rail 
1 7 with an enclosure mounting channel 18. A pair of wedges 19 of nylon for 
example may be positioned on either side of the base rail 17 with a clamping 
bolt 20 holding the assembly together. A stop (not shown) may be suitably 
provided at the rear of the base rail 17. 

As shown in Figure 7, the distribution frame enclsoure 6 can be bolted 
by bolts 32 to the inner equipment enclosure 8 so as to move with it. In this 
way, as the required size of the distribution frame needs to grow with future 
expansion, an expanded distribution frame can be readily accommodated. 

Where in the foregoing description reference has been made to specific 
components or integers of the invention having known equivalents then such 
equivalents are herein incorporated as if individually set forth. 

Although this invention has been described by way of example and 
with reference to possible embodiments thereof it is to be understood that 
modifications or improvements may be made thereto without departing from 
the scope or spirit of the invention, as defined in the appended claims. 
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I CLAIM : 

1 . An enclosure having at least one interior chamber adapted to 
accommodate in use electrical or electronic equipment, a door provided 
for said enclosure and adapted to close off said interior chamber, said 
door being provided with a heat exchanger means having separate 
internal and external circuits, said internal air circuit connected with 
said interior chamber and said external air circuit connected for air 
entry and exhaust outside of said enclosure, said heat exchanger 
means enabling the temperature within said interior chamber to be 
maintained at a required level relative to the ambient temperature 
external of the enclosure while maintaining the interior chamber closed. 

2. An enclosure as claimed in Claim 1 wherein said internal air circuit 
includes one or more inlets provided in said door connected with at 
least one outlet in said door, a suction means operable to cause air 
flow between said inlets and said outlets through said heat exchanger. 

3. An enclosure as claimed in Claim 2 wherein said external air circuit 
includes at least one inlet in said door and suction means to draw 
external air through said inlet(s) to cool the air in the internal air circuit. 

4. An enclosure as claimed in Claim 3 and including air inlet and air 
outlets paths for the external air circuit at an upper portion of said- 
enclosure. 
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5. An enclosure as claimed in Claim 4 and provided with mounting rails to 
enable the enclosure to be slid into and from an external housing. 

6. An enclosure as claimed in Claim 3 wherein the suction means 
provided for said internal and external air circuits comprises one or 
more variable speed fans. 

7. An enclosure as claimed in Claim 1 wherein exhaust air from the heat 
exchanger is circulated between the interior chamber and an outer 
surface of the enclosure. 

8. An enclosure as claimed in Claim 7 wherein the external air circuit 
provides for a downward flow of air towards the base of the enclosure 
to provide increased air pressure at the base of the enclosure. 

9. An enclosure as claimed in Claim 1 and including an air flow dividing"' 
means to direct a portion of the air of the external air circuit to be 
directed towards another chamber to remove solar gain therefrom. 

10. An enclosure as claimed in Claim 9, wherein a further dividing means is 
provided at an upper portion of said enclosure so as to provide at least 
two separate inlet air flow paths. 

11. An enclosure as claimed in Claim 10 wherein each said separate inlet 
air flow path is connected with a respective fan means and wherein 
the termination of operation of one of said fan means enables the other 
said fan means to provide a reverse flow of air to clear debris from the 
other of the inlet air flow paths. 
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An enclosure as claimed in Claim 5 wherein a distribution framework is 
provided as part of, and is moveable, with said enclosure. 

An enclosure substantially as herein described with reference to the 
accompanying drawings. 

A method of temperature control for an enclosure having at least one 
interior chamber, said method comprising providing a door closing off 
said interior chamber, providing separate internal and external air 
circuits for a heat exchanger provided for said door, connecting said 
internal air circuit with said interior chamber and said external air circuit 
for air entry and exhaust outside of said enclosure, said heat exchanger 
controlling the temperature within said interior chamber to be at a 
prescribed level relative to the ambient temperature external of said 
enclosure while maintaining the interior chamber closed. 




FIGURE 2 




FIGURE 3 
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